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1

COUPLING COMPONENT, MICROWAVE
DEVICE AND ELECTRONIC DEVICE

CROSS REFERENC.

L1

This application 1s the 371 application of PCT Application

No. PCT/CN2020/076962, filed Feb. 27, 2020, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to microwave technologies,
and 1n particular, to a coupling component, a microwave
device and an electronic device.

BACKGROUND

The development of microwave technology requires more
and more mtegrated and mimaturized devices, and the
emergence of multilayer circuit boards makes miniaturiza-
tion possible. Therefore, the transmission between micro-
wave circuits on different dielectric boards 1s particularly
important. The transmaission 1s usually realized by means of
vertical metal vias. However, with the emergence of new
types of dielectric plates, such as glass, the fragile charac-
teristics of the glass determine that the method using vias 1s
not the first choice for cost reduction. Therefore, it 1s
important to realize energy transmission between different
transmission lines through electromagnetic coupling. How-
ever, the coupling between the striplines 1s very diflicult,
resulting 1n a large transmission loss.

SUMMARY

Embodiments of the present disclosure provide a coupling,
component, a microwave device and an electronic device,
which can reduce the transmaission loss.

An embodiment of the present disclosure provides a
coupling component, imncluding a first ground electrode, a
first dielectric layer, a first transmission line, a second
dielectric layer, a second ground electrode, a first substrate,
a second transmission line, a second substrate and a third
ground electrode which are sequentially stacked;

wherein:

cach of the first ground electrode, the second ground
clectrode, and the third ground electrode has a slot, and
orthographic projections of the slots of the first ground
clectrode, the second ground electrode and the third ground
clectrode on the first dielectric layer overlap;

an orthographic projection of a coupling end of the first
transmission line on the first dielectric layer overlaps an
orthographic projection of the slot of the second ground
clectrode on the first dielectric layer; and

an orthographic projection of a coupling end of the second
transmission line on the first dielectric layer overlaps an
orthographic projection of the slot of the second ground
clectrode on the first dielectric layer.

According to an embodiment of the present disclosure, a
transitional transmission structure 1s provided in the slot of
the second ground electrode, and a gap 1s provided between
the transitional transmission structure and the second ground
clectrode.

According to an embodiment of the present disclosure,
the orthographic projection of the coupling end of the first
transmission line on the first dielectric layer overlaps an
orthographic projection of the transitional transmission
structure on the first dielectric layer; and
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the orthographic projection of the coupling end of the
second transmission line on the first dielectric layer overlaps

the orthographic projection of the transitional transmission
structure on the first dielectric layer.

According to an embodiment of the present disclosure,
both the first transmission line and the second transmission
line extend 1n a first direction.

According to an embodiment of the present disclosure,
cach of gaps formed between two opposite sides of the
transitional transmission structure in the first direction and
the second ground electrode 1s not greater than 0.1 mm.

According to an embodiment of the present disclosure,
the orthographic projection of the coupling end of the first
transmission line on the first dielectric layer completely
overlaps the orthographic projection of the slot of the second
ground electrode on the first dielectric layer in the first
direction; and

the orthographic projection of the coupling end of the
second transmission line on the first dielectric layer com-
pletely overlaps the orthographic projection of the slot of the
second ground electrode on the first dielectric layer 1n the
first direction.

According to an embodiment of the present disclosure,
the orthographic projections of the slot of the first ground
clectrode, the slot of the second ground electrode, and the
slot of the third ground electrode on the first dielectric layer
completely overlap.

According to an embodiment of the present disclosure,
the slot of the first ground electrode, the slot of the second
ground electrode, the slot of the third ground electrode, and
the transitional transmission structure have a same shape.

According to an embodiment of the present disclosure,
the coupling component further includes a liqud crystal
layer, and at least a part of the liquid crystal layer 1s located
between the second transmission line and the second sub-
strate.

According to an embodiment of the present disclosure,
the first dielectric layer and the second dielectric layer are
printed circuit substrates; and

the first substrate and the second substrate are glass
substrates.

According to an embodiment of the present disclosure,
cach of the first dielectric layer, the second dielectric layer,
the first substrate, and the second substrate has a thickness
of 0.1 mm to 10 mm.

According to an embodiment of the present disclosure,
cach of the first ground electrode, the second ground elec-
trode, and the third ground electrode has a thickness of 0.1
um to 100 um.

An embodiment of the present disclosure provides a
microwave device, including the coupling component
described above.

According to an embodiment of the present disclosure,
the microwave device 1s a phase shifter, an antenna or a
f1lter.

An embodiment of the present disclosure provides an
clectronic device, including the microwave device described
above.

According to an embodiment of the present disclosure,
the electronic device 1s a transmitter, a receiver, an antenna
system, or a display.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings, which constitute a part of the specification,
are provided to facilitate understanding of embodiments of
the present disclosure, and are used to explain the embodi-



US 11,817,613 B2

3

ments of the disclosure together with the specification, but
do not constitute any limitations on the present disclosure.
Detailed example embodiments are described with reference
to the accompanying drawings, the above and other features
and advantages will become more apparent to those skilled
in the art.

FIG. 1 1s a cross-sectional view of a coupling component
according to an embodiment of the present disclosure.

FIG. 2 1s a schematic diagram showing energy transmis-
s1on of a first stripline of a coupling component according to
an embodiment of the present disclosure.

FIG. 3 1s a cross-sectional view of a coupling component
according to another embodiment of the present disclosure.

FIG. 4 1s a schematic diagram showing the transmission
loss of different coupling components.

FIG. 5 1s a schematic plan view of a first ground electrode
or a third ground electrode 1n a coupling component accord-
ing to an embodiment of the present disclosure.

FIG. 6 1s a schematic diagram showing a combination of
a second ground electrode and a transitional transmission
line 1n a coupling component according to an embodiment of
the present disclosure.

FIG. 7 1s a schematic diagram showing the transmission
loss when a first gap and a second gap between a transitional
transmission line and a second ground electrode in the
coupling component 1n an embodiment of the disclosure are
Zero.

FIG. 8 1s a schematic diagram showing the transmission
losses when a first gap and a second gap between a transi-
tional transmission line and a second ground electrode in
different coupling components in embodiments of the dis-
closure are diflerent values.

LISTING OF MAIN REFERENCE NUMBERS

10: coupling component; 101: first ground electrode; 102:
first dielectric layer; 103: first transmission line; 103a:
coupling end; 104: second dielectric layer; 103: second
ground electrode; 106: first substrate; 107: second
transmission line; 107a: coupling end; 108: second
substrate; 109: third ground electrode; 110: transitional
transmission structure; 111: liquad crystal layer.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings. However, the
example embodiments can be implemented 1n various man-
ners, and should not be construed as being limited to the
embodiments set forth herein; on the contrary, these embodi-
ments are provided so that the present mvention will be
comprehensive and complete, and these embodiments are
provided to fully convey the concepts of the example
embodiments to those skilled in the art. The same reference
numerals in the figures indicate the same or similar struc-
tures, and thus their repeated descriptions will be omaitted.

Although relative terms such as “upper” and “lower” are
used 1n this Speciﬁcation to describe relative relationships
between one component in a figure and another component,
these terms are used only for convenience, for example,
these terms are based on the directions shown 1n the draw-
ings. It can be understood that 1f a device shown 1n a figure
1s turned upside down, a component described as “upper”
will become a “lower” component. When a structure 1s “on”
another structure, it may mean that the structure 1s integrally
formed on another structure, or that the structure 1s
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“directly” arranged on another structure, or that the structure
s “indirectly” arranged on another structure through a
further structure.

The terms ““a”, “an”, “the”, “said” and “‘at least one” are
used to indicate the presence ol one or more clements/
components/etc.; the terms “include” and “have” are open
terms and means inclusive, and refers to that in addition to
the listed elements/components and so on, there may be
other elements/components and so on.

With the development of radio frequency and microwave
technologies, minmiaturization has become an important
development trend, which requires the itegration of micro-
wave circuits to be improved as much as possible. The
microwave multilayer board technology 1s the key to solving
this problem to realize the mimaturization, low cost and high
performance of microwave circuits. However, the problem
1s that the routing of microwave lines 1s more complicated,
and microwave signals need to be transmitted between
different transmission lines. Metal can be used to shield
signals to achieve 1solation of signals 1n transmission lines
of different layers.

In addition, when signals propagate between transmission
lines of different layers, 1t 1s needed to mtroduce a suitable
transition structure, which needs proper matching, so as to
avoild the influence of signal reflection and excitation of
high-order modes, so that the signals can be transmitted with
minimal losses to transmission lines of another layer. There-
fore, 1t 1s particularly critical to study the transition structure
between transmission lines.

Generally, there are two transition structures between
transmission lines. One 1s a vertical metal via hole. A hole
1s made on a dielectric substrate and, the wvia hole 1s
metalized, so as to realize iterlinks between signals. This
structure 1s equivalent to realizing physical connection of
transmission lines of different layers. By optimizing the size,
a smaller transmission loss can be obtained, but the process
requirements are high. The other one 1s electromagnetic
coupling. The transmission of energy between transmission
lines 1 different layers 1s achieved through microwave
spatial coupling. Electromagnetic coupling has low require-
ments for processes, but the coupling between transmission
lines 1n different layers usually causes greater transmission
loss.

For microwave devices on glass substrates, such as phase
shifters, antennas, filters, and so on, due to the immature
glass perforation technology and the fragile nature of glass,
the metal via hole 1s not suitable for energy transmission
between transmission lines in different layers.

In order to solve the above problem, as shown 1n FIG. 1,
an embodiment of the present disclosure provides a coupling
component 10, which 1s based on electromagnetic coupling.
The coupling component 10 includes at least a first ground
clectrode 101, a dielectric layer 102, a first transmission line
103, a second dielectric layer 104, a second ground electrode
105, a first substrate 106, a second transmission line 107, a
second substrate 108, and a third ground electrode 109
which are sequentially stacked. It should be noted that the
first ground electrode 101, the first dielectric layer 102, the
first transmission line 103, the second dielectric layer 104,
the second ground electrode 1035, the first substrate 106, the
second transmission line 107, the second substrate 108, and
the three ground electrode 109 are sequentially stacked in
the thickness direction Z of the coupling component 10.

For example, each of the first ground electrode 101, the
second ground electrode 105, and the third ground electrode
109 may have a thickness of 0.1 um to 100 um, but 1s not
limited to this. For example, each of the first ground elec-
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trode 101, the second ground electrode 105 and the third
ground electrode 109 may have a thickness of 18 um or 35
um. In this embodiment, by designing the thickness of each
ground electrode to be greater than or equal to 0.1 um, on the
one hand, the processing difliculty and cost can be reduced;
and, on the other hand, the shielding performance of each
ground electrode can be guaranteed. By designing the thick-
ness of each ground electrode to be less than or equal to 100
um, the too large ground electrode thickness and thus over
thick coupling component 10 can be avoided, that is, the
coupling component 10 can be easily made lighter, thinner
and smaller, and thus the scope of application of the cou-
pling component 10 can be expanded. However, the present
disclosure 1s not limited to this, and the thickness of each
substrate can also be within other numerical ranges, depend-
ing on specific requirements.

The thickness of each of the first dielectric layer 102, the
second dielectric layer 104, the first substrate 106, and the
second substrate 108 may be 0.1 mm to 10 mm. In this
embodiment, by designing the thickness of each substrate to
be greater than or equal to 0.1 mm, on the one hand, the
processing difficulty and cost can be reduced; and, on the
other hand, the support strength of each substrate can be
guaranteed. By designing the thickness of each substrate to
be less than or equal to 10 mm, a situation where the
thickness of each substrate 1s too large and thus the coupling
component 10 1s too thick can be avoided, 1n other words, 1t
1s convenient for realize the lighter, thinner and miniaturized
coupling component 10, and thus the applicable range of the
coupling component 10 can be expanded. However, the
present disclosure 1s not limited to this, and the thickness of
cach substrate can also be within other numerical ranges,
depending on specific requirements.

The first ground electrode 101, the first dielectric layer
102, the first transmission line 103, the second dielectric
layer 104, and the second ground electrode 105 shown 1n
FIG. 1 can be formed as a stripline (the stripline can be
defined as a first stripline); the second ground electrode 105,
the first substrate 106, the second transmission line 107, the
second substrate 108 and the third ground electrode 109 can
be formed as another stripline (this stripline can be defined
as a second stripline). That 1s, the coupling component 10 of
according to embodiments of the present disclosure can be
a stripline coupling component, which includes at least two
striplines, and the two striplines share a ground electrode
(1.e., the second ground electrode 105).

It should be understood that for the three layers of ground
clectrodes 1n the coupling component 10 according to some
embodiments: the first ground electrode 101, the second
ground e¢lectrode 105, and the third ground electrode 109,
cach layer can be used as a shielding structure. In terms of
signal transmission, the coupling component 10 according to
embodiments 1s not limited to the two-layer stripline shown
in FIG. 1, and transmission structures (not shown in the
figure) can also be provided below the first ground electrode
101 or above the third ground electrode 109. Therefore, the
first ground electrode 101 can shield the first transmission
line 103 from the interference signal under the first ground
clectrode 101, the second ground electrode 105 can shield
the first transmission line 103 from the second transmission
line 107, and the third ground electrode 109 can shield the
second transmission line 107 from the interference signal
above the third ground electrode 109.

Since the coupling between the first transmission line 103
and the second transmission line 107 1s to be realized 1n
embodiments of the present disclosure, each of the first
ground electrode 101, the second ground electrode 105, and
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the third ground electrode 109 has a slot (the slot penetrates
a corresponding ground electrode 1n the thickness direction
7)), and the orthographic projections of the slots of the three
ground electrodes on the first dielectric layer 102 overlap.
The orthographic projection of a coupling end 103a of the
first transmission line 103 on the first dielectric layer 102
overlaps the orthographic projection of the slot of the second
ground electrode 105 on the first dielectric layer 102. The
orthographic projection of a coupling end 107a of the
second transmission line 107 on the first dielectric layer 102
overlaps the orthographic projection of the slot of the second
ground electrode 105 on the first dielectric layer 102. This
makes the energy transmission along the first transmission
line 103 (second transmission line 107) form a break, so that
energy can be transierred to the second transmission line 107
(first transmission line 103) through radiation coupling.

It should be understood that, in order to improve the
coupling efliciency between transmission lines of different
layers, the coupling end 103a of the first transmission line
103 and the coupling end 107a of the second transmission
line 107 1n embodiments of the present disclosure should be
disconnected, that is, the coupling end 103aq of the first
transmission line 103 and the coupling end 107a of the
second transmission line 107 should not be connected with
other conductive structures in the same layers, so as to
reduce the energy transier between the same layers, and
accordingly, more energy 1s transmitted through radiation
coupling to the transmission structures 1n different layers via
the slot 1 the first ground electrode 101, the slot i the
second ground electrode 105 or the slot in the third ground
clectrode 109.

Taking the first stripline as an example, when signals are
normally transmitted, the electric field distribution 1s as
shown by the solid arrow 1n FIG. 2, and energy 1s transmit-
ted along the first transmission line 103. When the first
transmission line 103 1s open (that 1s, 1ts coupling end 103a
1s disconnected), the first ground electrode 101 1s open (that
1s, the first ground electrode 101 has a slot corresponding to
the coupling end 103¢ of the first transmission line 103), and
the second ground electrode 105 1s open (that 1s, the second
ground electrode 1035 has a slot corresponding to the cou-
pling end 103a of the first transmission line 103), such
structure 1s equivalent to discontinuous energy transmission
and energy transmission cannot move forward. Therelore,
there will be energy radiation, as shown by the dashed arrow
in FIG. 2, so as to couple with transmission structures in
different layer.

It should be noted that the coupling end 1034 of the first
transmission line 103 1n embodiments of the present disclo-
sure 1s a part of the first transmission line 103, the ortho-
graphic projection of which on the first dielectric layer 102
overlaps the orthographic projection of the slot of the second
ground electrode 1035 on the first dielectric layer 102; the
coupling end 107a of the second transmission 107 1s a part
of the second transmission line 107, the orthographic pro-
jection of which on the first dielectric layer 102 overlaps the
orthographic projection of the slot of the second ground
clectrode 105 on the first dielectric layer 102. Specifically,
the coupling ends are the parts in the first transmission line
103 and the second transmission line 107 that correspond to
area Ain FIG. 1. The size of the coupling end 103a of the
first transmission line 103 in the first direction X 1s b1, and
the size of the coupling end 107a of the second transmission
line 107 1n the first direction X 1s b2.

In addition, 1t should be noted that, in order to realize the
coupling between the first transmission line 103 and a
transmission structure under the first ground electrode 101,
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the orthographic projection of the coupling end 103a of the
first transmission line 103 on the first dielectric layer 102 can
overlap the orthographic projection of the slot 1n the first
ground electrode 101 on the first dielectric layer 102.
Similarly, 1n order to realize the coupling between the
second transmission line 107 and a transmission structure
above the third ground eclectrode 109, the orthographic
projection of the coupling end 1034 of the first transmission
line 103 on the first dielectric layer 102 can overlap the
orthographic projection of the slot in the third ground
clectrode 101 on the first dielectric layer 102.

In order to ensure that the energy radiated by the first
transmission line 103 to opposite sides 1n the thickness
direction Z 1s substantially the same, the orthographic pro-
jection of the slot 1n the first ground electrode 101 on the first
dielectric layer 102 may completely overlap the ortho-
graphic projection of the slot 1n the second ground electrode
105 on the first dielectric layer 102. That 1s, the slots of the
first ground electrode 101 and the second ground electrode
105 are completely the same 1n size and shape, and the
positions of the slots of the first ground electrode 101 and the
second ground electrode 105 1n the thickness direction Z are
the same.

Similarly, 1n order to ensure that the energy radiated by
the second transmission line 107 to opposite sides 1n the
thickness direction Z 1s substantially the same, the ortho-
graphic projection of the slot 1n the second ground electrode
105 on the first dielectric layer 102 may completely overlap
the orthographic projection of the slot 1 the third ground
clectrode 109 on the first dielectric layer 102. That 1s, the
slots of the second ground electrode 105 and the third
ground electrode 109 are completely the same 1n size and
shape, and the positions of the slots of the second ground
clectrode 105 and the third ground electrode 109 1in the
thickness direction 7 are the same.

In summary, according to embodiments of the present
disclosure, the orthographic projections of the slot of the first
ground electrode 101, the slot of the second ground elec-
trode 105, and the slot of the third ground electrode 109 on
the first dielectric layer 102 completely overlap. This design
can make the energy radiated to both sides of the first
transmission line 103 and the second transmission line 107
be basically the same, and can also reduce the processing
cost, that 1s: the slot 1 the first ground electrode 101, the slot
in the second ground electrode 105, and the slot in the third
ground electrode 109 can be formed using the same mask.
It should be noted that the positions of the first ground
clectrode 101, the second ground electrode 1035, and the
third ground electrode 109 corresponding to the area A
shown 1n FIG. 1 are slots. The first ground electrode 101, the
second ground electrode 105, and the third ground electrode
109 can be the same 1n size and shape.

According to some embodiments, the shapes of the slot 1n
the first ground electrode 101, the slot in the second ground
clectrode 105, and the slot in the third ground electrode 109
are all round or rectangular (as shown 1n FIGS. 5 and 6),
which may be convenient for processing; but the present
disclosure 1s not limited to this, and the slots can be 1n other
shapes, depending on specific situations. It should be noted
that embodiments of the present disclosure do not specifi-
cally limit the sizes of the slots in the first ground electrode
101, the slot in the second ground electrode 105, and the slot
in the third ground electrode 109. The size of the slot in the
first ground electrode 101, the slot in the second ground
clectrode 103, and the slot in the third ground electrode 109
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may be determined according to the working frequency of
the coupling component 10, the thickness of each substrate,
and the dielectric constant.

The distance between the first transmission line 103 and
the second transmission line 107 1s relatively large in the
thickness direction 7, and thus the coupling efliciency of
signals 1s relatively low when the first transmission line 103
and the second transmission line 107 are coupled, and the
energy transmission loss 1s relatively large. To solve this
problem, an embodiment of the present disclosure proposes
a technical solution: a transitional transmission structure 110
1s formed 1n the slot of the second ground electrode 105. As
shown 1 FIG. 3, there 1s a gap between the transitional
transmission structure 110 and the second ground electrode
105, that 1s, the transitional transmission line 110 1s not
clectrically connected to the second ground electrode 105,
and the transitional transmission structure 110 and the
second ground electrode 105 form a coplanar waveguide.
The orthographic projection of the coupling end 103a of the
first transmission line 103 on the first dielectric layer 102
overlaps the orthographic projection of the transitional trans-
mission structure 110 on the first dielectric layer 102; the
orthographic projection of the coupling end 107a of the
second transmission line 107 on the first dielectric layer 102
overlaps the orthographic projection of the transitional trans-
mission structure 110 on the first dielectric layer 102.

In embodiments of the present disclosure, the transitional
transmission structure 110 1s introduced 1nto the slot in the
common ground electrode (1.e., the second ground electrode
105) of both the first stripline and the second stripline, so
that the energy of the first transmission line 103 1s first
coupled to the transitional transmission structure 110 and
then to the second transmission line 107; or the energy of the
second transmission line 107 1s first coupled to the transi-
tional transmission structure 110 and then to the first trans-
mission line 103. As compared with the structure 1n which
the transitional transmission structure 110 1s not introduced
into the slot 1n the second ground electrode 105 (as shown
in FIG. 1), the introduction of the transitional transmission
structure 110 greatly improves the signal coupling efliciency
when the first stripline and the second stripline are coupled,
significantly reduces the energy transmission loss, that 1s,
low-loss coupling between two striplines 1s realized.

Reterring to FIG. 4, the abscissa in FIG. 4 1s the frequency
with the unit of GHz, and the ordinate 1s the transmission
loss with the unit of dB. The line labeled a in FIG. 4
corresponds to the transmission loss at diflerent frequencies
for the coupling component in which the transitional trans-
mission structure 110 1s not introduced into the slot in the
second ground electrode 105, and the line labeled b 1n FIG.
4 corresponds to the transmission loss at different frequen-
cies for the structure according to some embodiments of the
present disclosure in which the transitional transmission
structure 110 1s introduced into the slot in the second ground
clectrode 105. As can be seen from FIG. 4, as compared with
the structure 1n which the transitional transmission structure
110 1s not introduced into the slot 1n the second ground
electrode 105, the structure in which the transitional trans-
mission structure 110 1s introduced into the slot 1n the second
ground electrode 105 makes the transmission loss signifi-
cantly reduced.

In an embodiment of the present disclosure, the first
transmission line 103 and the second transmission line 107
both extend 1n the first direction X, and the first direction X
and the thickness direction Z are perpendicular to each other.
By making the first transmission line 103 and the second
transmission line 107 extend in the first direction X, 1t 1s
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convenient for the signals to be transmitted 1n one direction.
In addition, the first transmission line 103 and the second
transmission line 107 both extend in the first direction X,
that 1s, the signals are mainly transmitted 1n the first direc-
tion X, and 1n order to further reduce the transmission loss,
the gap size between the transitional transmission structure
110 and the second ground electrode 105 in the first direction
X needs to be designed to be relatively small. In other words,
by making the first transmission line 103 and the second
transmission line 107 extend 1n the first direction X, when
designing the gap size between the transitional transmission
structure 110 and the second ground electrode 105, only the
gap design in one direction needs to be considered, and thus
the design difliculty 1s reduced.

It should be understood that, as shown 1n FIG. 6, the two
opposite sides of the transitional transmission structure 110
in the first direction X can be defined as a first side and a
second side, respectively, and the two opposite sides of the
transitional transmission structure 110 1n a second direction
Y can be defined as a third side and a fourth side respec-
tively. The gap corresponding to the first side 1s defined as
a first gap hl, the gap corresponding to the second side is
defined as a second gap h2, the gap corresponding to the
third side 1s defined as a third gap h3, and the gap corre-
sponding to the fourth side i1s defined as a fourth gap hd. It
should be noted that the second direction Y 1s perpendicular
to the first direction X and the thickness direction Z.

It should be understood that the first gap hl, the second
gap h2, the third gap h3, and the fourth gap h4 are all greater
than 0, so that the transitional transmission structure 110 and
the two opposite sides of the second ground electrode 105 in
the second direction Y can constitute a coplanar waveguide,
and this coplanar waveguide 1s specifically the part corre-
sponding to the area B 1 FIG. 6. It should be noted that
when the first gap hl and the second gap h2 are O, the
transitional transmission structure 110 and the second
ground electrode 105 cannot form a coplanar waveguide,
and the transmission loss 1s very large, as shown i FIG. 7.
The abscissa 1 FIG. 7 1s the frequency with the unit of GHz,
and the ordinate 1s the transmission loss with the unit of dB.
The line shown 1n FIG. 7 corresponds to the transmission
loss of the coupling component at different frequencies
when the first slot and the second slot are zero.

In order to better reduce the transmission loss, when
designing the transitional transmission structure 110 and the
second ground electrode 105, although it 1s needed to make
the first gap hl and the second gap h2 formed between the
transitional transmission structure 110 and the second
ground electrode 105 greater than 0, the first gap hl and the
second gap h2 should not be too large. The smaller the first
gap hl and the second gap h2 formed between the transi-
tional transmission structure 110 and the second ground
electrode 105 are, the lower the transmission loss will be.
This requires the size of the first gap hl and the second gap
h2 formed between the transitional transmission structure
110 and the second ground electrode 1035 to be controlled
within an approprate range to reduce the transmission loss.

According to some embodiments, the size of the first gap
h1l and the second gap h2 formed between the transitional
transmission structure 110 and the second ground electrode
105 can be controlled within a range not greater than 0.1
mm. In other words, each of the gaps formed between the
opposite sides of the transitional transmission structure 110
in the first direction X and the second ground electrode 1035
1s less than or equal to 0.1 mm. The size of each of the first
gap hl and the second gap h2 formed between the transi-
tional transmission structure 110 and the second ground
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clectrode 105 may be 0.025 mm, 0.05 mm, 0.075 mm, 0.1
mm, and so on, depending on the specific processing capa-
bility.

Referring to FIG. 8, the abscissa in FIG. 8 1s the frequency
with the unit of GHz, and the ordinate 1s the transmission
loss with the unit of dB. The line labeled ¢ i FIG. 8
corresponds to the transmission loss of the coupling com-
ponent 10 according to embodiments of the present disclo-
sure at different frequencies when each of the first gap hl
and the second gap h2 1s 0.025 mm. The line labeled d 1n
FIG. 8 corresponds to the transmission loss of the coupling
component 10 according to embodiments of the present
disclosure at different frequencies when each of the first gap
h1 and the second gap h2 1s 0.05 mm. The line labeled € 1n
FIG. 8 corresponds to the transmission loss of the coupling
component 10 according to embodiments of the present
disclosure at different frequencies when each of the first gap
h1 and the second gap h2 1s 0.075 mm. The line labeled 1 1n
FIG. 8 corresponds to the transmission loss of the coupling
component 10 according to embodiments of the present
disclosure at diflerent frequencies when each of the first gap
h1 and the second gap h2 1s 0.1 mm. As can be seen from
FIG. 8, the smaller each of the first and second gaps 1s, the
smaller the transmission loss will be. Thus, according to
some embodiments of the present disclosure, 1n the case that
the processing capability can meet the requirements, 1t 1s
preferable that each of the first gap hl and the second h2 1s
not larger than 0.1 mm.

It should be noted that the sizes of the third gap h3 and the
fourth gap h4 depend on the transmission impedance of the
coplanar waveguide design and the thickness and dielectric
constant of the upper and lower dielectric plates (i.e., the
second dielectric layer and the first substrate).

The gaps formed between the two opposite sides of the
transitional transmission structure 110 1n the first direction X
and the second ground electrode 105 are equal; that 1s, the
s1ze of the first gap hl and the size of the second gap h2 can
be equal. The gaps formed between the two opposite sides
of the transitional transmaission structure 110 in the second
direction Y and the second ground electrode 105 are equal;
that 1s, the size of the third gap h3 and the size of the fourth
gap hd4 can be equal. However, embodiments of the present
disclosure are not limited to this. For example, the size of the
first gap hl and the size of the second gap h2 may be
unequal, and the size of the third gap h3 and the size of the
fourth gap h4 may be unequal, depending on design require-
ments. When describing some embodiments, the situation in
which the first gap hl and the second gap h2 have the equal
s1ze and the third gap h3 and the fourth gap h4 have the equal
s1ze 1s taken as an example.

In some embodiments, the shape of the transitional trans-
mission structure 110 can be circular or rectangular. Spe-
cifically, the shape of the transitional transmission structure
110 can match the shape of the slot 1n the second ground
clectrode 105. That 1s, when the shape of the slot in the
second ground electrode 105 1s circular, the shape of the
transitional transmission structure 110 1s circular. When the
shape of the slot 1n the second ground electrode 105 1s
rectangular, the shape of the transitional transmission struc-
ture 110 1s rectangular. This 1s convenient for adjusting the
sizes of the gaps between the ftransitional transmission
structure 110 and the second ground electrode 105 to make
the structure meet the process requirements.

According to some embodiments, the width bl of the
coupling end 103¢a of the first transmission line 103 can be
the same as the width of the slot in the second ground

clectrode 103, and the width b2 of the coupling end 107a of
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the second transmission line 107 can be the same as the
width of the slot in the second ground electrode 105. It
should be noted that the width mentioned here reters to the
size 1n the first direction X.

Further, the orthographic projection of the coupling end
103a of the first transmission line 103 on the first dielectric

layer 102 and the orthographic projection of the slot 1n the
second ground electrode 105 on the first dielectric layer 102
completely overlap in the first direction X. That 1s, the
orthographic projection of the coupling end 103¢a of the first
transmission line 103 on the first dielectric layer 102 1s the
first orthographic projection, the orthographic projection of
the slot of the second ground electrode 105 on the first
dielectric layer 102 1s the second orthographic projection,
and two opposite boundaries of the first orthographic pro-
jection 1n the first direction X overlap with two opposite
boundaries of the second orthographic projection in the first
direction X, respectively. The orthographic projection of the
coupling end 107a of the second transmission line 107 on
the first dielectric layer 102 and the orthographic projection
of the slot of the second ground electrode 105 on the first
dielectric layer 102 completely overlap 1n the first direction
X. That 1s, That 1s, the orthographic projection of the
coupling end 107a of the second transmission line 107 on
the first dielectric layer 102 is the third orthographic pro-
jection, the orthographic projection of the slot of the second
ground electrode 105 on the first dielectric layer 102 1s the
second orthographic projection, and two opposite boundar-
ies of the third orthographic projection 1n the first direction
X overlap with two opposite boundaries of the second
orthographic projection 1n the first direction X, respectively.
This design can ensure that the coupling areas between the
first transmission line 103, the transitional transmission
structure 110, and the second transmission line 107 are large
enough to improve coupling efliciency and reduce transmis-
s10on loss.

Further, ends of the first transmission line 103 and the
second transmission line 107 opposite to the coupling ends
in the first direction X can be defined as extension ends. The
extension end of the first transmission line 103 and the
extension end of the second transmission line 107 extend
away Irom each other, so as to better realize the coupling
between the first transmission line 103 and the second
transmission line 107 during the manufacturing process.

In an embodiment of the present disclosure, as shown in
FIGS. 1 and 3, the coupling component 10 may further
include a liquid crystal layer 111. At least part of the liqud
crystal layer 111 may be located between the second trans-
mission line 107 and the second substrate 108. When a
microwave signal 1s transmitted 1n the liquid crystal layer
111, by adjusting the voltages on both sides of the liquid
crystal layer 111, the liquid crystal molecules can be
deflected, so that the dielectric constant of the liqud crystal
layer 111 will be changed accordingly, and the phase of the
microwave signal can be adjusted.

For example, the first transmission line 103 can be con-
nected to a power feeder to obtain energy, and then the first
transmission line 103 can transmit the energy to the transi-
tional transmission structure 110 through 1ts coupling end
103a, and then the energy 1s transmitted to the coupling end
107a of the second transmission line 107 through the
transitional transmission structure 110. That 1s, the second
transmission line 107 obtains the energy, and the liquid
crystal layer 111 can be detlected under the action of the
second transmission line 107 and the third ground electrode
109 to adjust the phase of the microwave signal. It should be

5

10

15

20

25

30

35

40

45

50

55

60

65

12

noted that the first transmission line 103 can also obtain
energy by coupling with 1ts transmission structure.

The first dielectric layer 102 and the second dielectric
layer 104 may be printed circuit substrates, that 1s, PCB
substrates. The first substrate 106 and the second substrate
108 may be glass substrates. However, embodiments of the
present disclosure are not limited to this. For example,
depending on the application scenarios of the coupling
component 10, the first dielectric layer 102, the second
dielectric layer 104, the first substrate 106, and the second
substrate 108 may all be glass substrates, or the first dielec-
tric layer 102, the second dielectric layer 104, the first
substrate 106, and the second substrate 108 may all be PCB
substrates, and so on. According to some other embodi-
ments, the coupling component 10 may not include the
liquid crystal layer 111, and the position of the liquid crystal
layer 111 may be replaced with a dielectric substrate,
depending on actual requirements.

In embodiments of the present disclosure, by setting the
transitional transmission structure 110, the coupling of trans-
mission lines 1n different layers 1s realized, and the coupling
elliciency of signals when the transmission lines 1n different
layers are coupled 1s improved and the transmission loss of
energy 1s significantly reduced. Therefore, it 1s not required
to form holes in the first dielectric layer 102, the second
dielectric layer 104, the first substrate 106, and the second
substrate 108, thereby reducing the cost of the coupling
component 10 and increasing the product vield.

In an embodiment of the present disclosure, a microwave
device 1s provided, and the microwave device may include
the coupling component 10 described 1n any of the foregoing
embodiments.

Optionally, the microwave device may be a phase shifter,
an antenna or a {ilter, but the present disclosure 1s not limited
thereto.

In an embodiment of the present disclosure, there 1s also
provided an electronic device, and the electronic device
includes the aforementioned microwave device.

Optionally, the electronic device may be a transmuitter, a
receiver, an antenna system, or a display, but the present
disclosure 1s not limited thereto.

Those skilled 1n the art will easily think of other embodi-
ments after considering the specification and practicing the
contents disclosed herein. The present disclosure 1s intended
to cover any variations, uses, or adaptive changes of the
present disclosure, and these variations, uses, or adaptive
changes follow the general principles of the present disclo-
sure and 1mclude common knowledge or conventional tech-
nical means 1n the technical field that are not disclosed 1n the
present disclosure. The description and embodiments are
only regarded as exemplary, and the scope of the present
disclosure 1s defined by the appended claims.

What 1s claimed 1s:

1. A coupling component, comprising a first ground
clectrode, a first dielectric layer, a first transmission line, a
second dielectric layer, a second ground electrode, a first
substrate, a second transmission line, a second substrate and
a third ground electrode which are sequentially stacked;

wherein:

cach of the first ground electrode, the second ground

clectrode, and the third ground electrode has a slot, and
orthographic projections of the slots of the first ground
clectrode, the second ground electrode and the third
ground electrode on the first dielectric layer overlap;
an orthographic projection of a coupling end of the first
transmission line on the first dielectric layer overlaps an



US 11,817,613 B2

13

orthographic projection of the slot of the second ground
clectrode on the first dielectric layer; and
an orthographic projection of a coupling end of the second
transmission line on the first dielectric layer overlaps
the orthographic projection of the slot of the second
ground electrode on the first dielectric layer.
2. The coupling component according to claim 1, wherein
a transitional transmission structure 1s provided in the slot of
the second ground electrode, and a gap 1s provided between

the transitional transmission structure and the second ground
clectrode.

3. The coupling component according to claim 2,
wherein:

the orthographic projection of the coupling end of the first

transmission line on the first dielectric layer overlaps an
orthographic projection of the transitional transmission
structure on the first dielectric layer; and

the orthographic projection of the coupling end of the

second transmission line on the first dielectric layer
overlaps the orthographic projection of the transitional
transmission structure on the first dielectric layer.

4. The coupling component according to claim 1, wherein
both the first transmission line and the second transmission
line extend 1n a first direction.

5. The coupling component according to claim 4, wherein
cach of gaps formed between two opposite sides of the
transitional transmission structure in the first direction and
the second ground electrode 1s not greater than 0.1 mm.

6. The coupling component according to claim 4,
wherein:

the orthographic projection of the coupling end of the first

transmission line on the first dielectric layer completely
overlaps the orthographic projection of the slot of the
second ground electrode on the first dielectric layer 1n
the first direction; and

the orthographic projection of the coupling end of the

second transmission line on the first dielectric layer
completely overlaps the orthographic projection of the
slot of the second ground electrode on the first dielec-
tric layer 1n the first direction.

7. The coupling component according to claim 1, wherein
the orthographic projections of the slot of the first ground
clectrode, the slot of the second ground electrode, and the
slot of the third ground electrode on the first dielectric layer
completely overlap.

8. The coupling component according to claim 1, wherein
the slot of the first ground electrode, the slot of the second
ground electrode, the slot of the third ground electrode, and
the transitional transmission structure have a same shape.

9. The coupling component according to claim 1, wherein
the coupling component further comprises a liquid crystal
layer, and at least a part of the liquid crystal layer 1s located
between the second transmission line and the second sub-
strate.

10. The coupling component according to claim 9,
wherein:

the first dielectric layer and the second dielectric layer are

printed circuit substrates; and

the first substrate and the second substrate are glass

substrates.

11. The coupling component according to claim 1,
wherein each of the first dielectric layer, the second dielec-
tric layer, the first substrate, and the second substrate has a
thickness of 0.1 mm to 10 mm.

12. The coupling component according to claim 1,
wherein each of the first ground electrode, the second
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ground electrode, and the third ground electrode has a
thickness of 0.1 um to 100 um.
13. A microwave device, comprising a coupling compo-
nent;
wherein:
the coupling component comprises a first ground elec-
trode, a first dielectric layer, a first transmission line, a
second dielectric layer, a second ground electrode, a
first substrate, a second transmission line, a second
substrate and a third ground electrode which are
sequentially stacked;
cach of the first ground electrode, the second ground
clectrode, and the third ground electrode has a slot, and
orthographic projections of the slots of the first ground
clectrode, the second ground electrode and the third
ground electrode on the first dielectric layer overlap;

an orthographic projection of a coupling end of the first
transmission line on the first dielectric layer overlaps an
orthographic projection of the slot of the second ground
clectrode on the first dielectric layer; and

an orthographic projection of a coupling end of the second

transmission line on the first dielectric layer overlaps
the orthographic projection of the slot of the second
ground electrode on the first dielectric layer.
14. The microwave device according to claim 13, wherein
the microwave device 1s a phase shifter, an antenna or a
filter.
15. An electronic device, comprising a microwave device
which comprises a coupling component;
wherein:
the coupling component comprises a first ground elec-
trode, a first dielectric layer, a first transmission line, a
second dielectric layer, a second ground electrode, a
first substrate, a second transmission line, a second
substrate and a third ground electrode which are
sequentially stacked;
cach of the first ground electrode, the second ground
clectrode, and the third ground electrode has a slot, and
orthographic projections of the slots of the first ground
clectrode, the second ground electrode and the third
ground electrode on the first dielectric layer overlap;

an orthographic projection of a coupling end of the first
transmission line on the first dielectric layer overlaps an
orthographic projection of the slot of the second ground
clectrode on the first dielectric layer; and

an orthographic projection of a coupling end of the second

transmission line on the first dielectric layer overlaps
the orthographic projection of the slot of the second
ground electrode on the first dielectric layer.

16. The electronic device according to claim 15, wherein
the electronic device 1s a transmitter, a receiver, an antenna
system, or a display.

17. The microwave device according to claim 13, wherein
a transitional transmission structure 1s provided 1n the slot of
the second ground electrode, and a gap 1s provided between
the transitional transmission structure and the second ground
clectrode.

18. The microwave device according to claim 17,
wherein:

the orthographic projection of the coupling end of the first

transmission line on the first dielectric layer overlaps an
orthographic projection of the transitional transmission
structure on the first dielectric layer; and

the orthographic projection of the coupling end of the

second transmission line on the first dielectric layer
overlaps the orthographic projection of the transitional
transmission structure on the first dielectric layer.
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19. The microwave device according to claim 13, wherein
both the first transmission line and the second transmission
line extend 1n a first direction.

20. The microwave device according to claim 19, wherein
cach of gaps formed between two opposite sides of the 5
transitional transmission structure in the first direction and
the second ground electrode 1s not greater than 0.1 mm.
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